Objectives: Water pollution with toxic cyanobacterial blooms is a worldwide problem. Cyanobacteria species that mainly produce microcystins predominate in Polish water reservoirs. Materials and Methods: In our study, cyanobacterial blooms were monitored during summer of 2004 in the Sulejów reservoir. The concentration of microcystins in water and cyanobacterial cells were determined using liquid chromatography and immunobiotests, while the biological activity of microcystic cyanobacterial extracts was assessed using bacterial tests (SOS Chromotest, UMU test), the comet assay and micronucleus test with human lymphocytes. Results: It was revealed that cyanobacterial bloom was most intensive in mid August and lasted until the end of September. Microcystis aeruginosa and Aphanizomenon flos-aquae dominated in the blooms. The highest concentration of microcystins in cyanobacterial cells was also observed at that time. The concentration of microcystins in water did not exceed 1 μg/l. All cyanobacterial extracts showed weak genotoxicity only for Escherichia coli PQ37. The cyanobacterial extracts prepared at the beginning of September were most toxic to human lymphocytes, the effective microcystin extracts (EC 50 ) concentration was about two or three times lower compared to the other extracts. The level of DNA damage in lymphocytes after short exposure to microcystic extracts (3 and 6 h) was significantly higher than respective levels after longer exposure. The microcystins of cyanobacterial blooms induced a slight increase in micronuclei frequencies in human lymphocytes. Conclusion: Phytoplankton biomass and the genotoxicity of massive cyanobacterial blooms should be assessed for eucariotic cells in the Sulejów reservoir to avoid the hazard induced by cyanobacterial blooms.
INTRODUCTION
The data from all over the world provide evidence that cyanobacterial blooms are responsible for acute poisonings and various diseases in animals, wild and domestic, and in humans [1] [2] [3] [4] . Cyanobacteria (blue-green algae) dominate during warm days of late summer and autumn. Their high biomass can create the surface scum or froth along the shore. Dangerous toxins produced by cyanobacteria are released to water during lysis of cells [5] [6] [7] . Consumption of both cyanobacteria and water containing released toxins may cause poisoning. The lethal dose depends on the type of cyanobacterial toxins and species of cyanobacteria, as well as on the age, weight and gender of the exposed organism. Cyanobacterial toxins (cyanotoxins) can be classified into three main groups: hepatotoxins, which are most common, neurotoxins, and dermatotoxins. Hepatotoxins are compounds that damage liver cells (hepatocytes). Microcystins are the most common group of hepatotoxins. To date, about 65 microcystin variants have been described [1] . These substances are cyclic heptapeptides. Microcystis and Anabaena are mainly responsible for the production of microcystins. Hepatotoxins are harmful to human health and cause cutaneous rash, fever, vomiting, diarrhea, and acute hepatocellular damage [1, 2, 8] . Toxins can penetrate the human body through gastric or dermal route, by inhalation or during blood dialysis. A long-term consumption of water containing even a low dose of these toxins can cause chronic liver damage, which can lead to primary hepatic carcinoma [9, 10] , bleeding and necrosis of hepatocytes [2] . The lethal effect of microcystins connected with the liver damage was noted mainly in animals. Over the recent years, an increase in the incidence of diseases and acute poisonings in humans induced by cyanobacterial toxins has been observed. In 1996, in Caruaru, Brazil, 131 dialyzed patients were exposed to cyanotoxins via water used for dialysis (filter with active carbon and reversed osmosis system were used). Sixty of them died, and the others showed typical hepato-and neurotoxic symptoms [11] . As a result of this accident, the World Health Organisation (WHO) accepted the epidemic of the cyanobacterial toxin nature. Then the maximum permissible concentration of microcystins in the reservoir water was recommended at the level of 1.0 μg/l [12] . The genotoxic activity of microcystins was found to be higher than that observed for benzene [13] . Microcystins inhibit activity of specific protein phosphatase enzymes within the cells [14] [15] [16] [17] . This effect of decreased homeostasis and increased carcinogenic processes or cell death [2, 10, 18, 19] showed that microcystins present in water could induce chromosomal aberrations (chromatid and chromosomal breakage) in human lymphocytes. Our previous studies indicated the increase in chromosomal aberrations in human lymphocytes after exposure to a few cyanobacterial extracts from the Sulejów reservoir [20, 21] . The efficiency of water treatment processes in the elimination of cyanotoxins using conventional methods is low, hence a high risk posed to populations supplied with drinking water from eutrophic reservoirs [21] . The concentration of microcystin-LR in water of the Sulejów reservoir can reach even 5 μg/l. Therefore, the citizens of Łódź and Tomaszów Mazowiecki supplied with water from this reservoir can be exposed to cyanotoxins during the period from August to October. This situation was confirmed by the study of microcystin concentration in the drinking water that accounted for 0.8 μg/l [22] . The aim of the study was to monitor cyanobacterial bloom during the summer of 2004 in the Sulejów reservoir and assess the biological activity of cyanobacterial toxins from excessive blooms in genetic material (DNA and chromosome levels). Both bacterial models (Escherichia coli, Salmonella typhimurium) and mammalian cells (human lymphocytes) were used for assessing cytotoxic and genotoxic properties of cyanobacterial toxins. Moreover, the analytical methods, such as liquid chromatography and immunobiotests were applied to determine the concentration of microcystins in water and cyanobacterial cells.
MATERIALS AND METHODS

Monitoring of cyanobacterial bloom in the Sulejów lowland reservoir
Monitoring of cyanobacterial bloom in the Sulejów reservoir was performed once a week in the summer of 2004 (from April to October). The samples of blooms and water were collected during the intensive bloom and after decomposition of blooms. The Sulejów reservoir is important to the inhabitants of Central Poland because it is their main reservoir of drinking water.
Analysis of seasonal cyanobacterial biomass changes in the reservoir
Water samples for phytoplankton biomass analysis were collected from integrated water column using a Bernatowicz sampler. One liter of phytoplankton was preserved in Lugol's solution for analysis of species, their numerical and phytoplankton biomass. Morphological analysis of collected material was performed according to Starmach [23] [24] [25] [26] . Phytoplankton biomass counting was determined using a Fuch-Rosenthal camera. The size of cells for each species was measured during the calculation under a microscope. Then, using the geometric formulas or their combinations, their mean volume was determined [24] . Biomass quantity was obtained by adding the values obtained after multiplying the number for each species and the mean value of cells. After adding, the density of cells in algae was 1, then the total volume of cells in the water volume unit corresponded with their biomass.
Concentrations of microcystins in cyanobacterial cells and water samples analyzed by PPIA and ELISA methods
Protein phosphatase inhibition assay (PPIA)
This assay is the colorimetric method applied to determine the biological activity of microcystin on the ground of inhibition of the protein phosphatase type 1 (PP1) activity from rabbit's skeletal muscle (BioLabs). Phosphate activity was measured by the hydrolysis of p-nitrophenol phosphate (pNPP) to p-nitrophenyl (pNP) [27] [28] [29] . The quantity of pNP product after reaction of PP1 enzyme with pNPP substrate was measured at 405 nm in a microplate reader (Labsystems). The pNP product quantity decreased with increasing concentration of the tested compound, since pNPP is not dephosphorated during inhibition of PP1 activity. This method enables the determination of total microcystin concentration at the level of 0.125 μg/l in water samples. The total range of test is from 0.125 to 4 μg/l microcystin in a water sample. Two analyses were performed for each water sample.
Enzyme-linked immunosorbent assay (ELISA)
The enzyme-linked immunosorbent assay is a colorimetric method used for analyzing microcystins and nodularines in water samples. ELISA test is available as a kit (EnvirolLogix, QuantiPlate TM Microcystin Kits). Microplates with monoclonal antibodies on wells were stored at +4°C. The calibration curve was always evaluated using the following concentrations of microcystin LR (MC-LR): 0.16, 0.6 and .5 μg/l during the measurement of tested samples. After conjugation of microcystin contained in samples with antibodies, the microcystin enzyme was added to bind the excess of antibodies. The concentration of conjugated enzyme was measured in a colorimetric reader at 450 nm and the concentration of all variants of microcystin in water samples was read from the calibration curve. The detection limit of microcystins in this assay was 0.16 μg/l. The total range of test was from 0.16 to 2.5 μg/l of microcystin in a water sample. Two analyses were performed for each water sample.
Sample preparation and microcystins detection in blooms and water by high performance liquid chromatography (HPLC)
Water samples with phytoplankton (1 liter volume) were filtered through GF/C filter (Whatman) to separate cyanobacterial cells from water and to measure toxins in the water and cells using the HPLC method. The filtrate was extracted and concentrated by passage through Bakerbound spe TM octadecyl (C 18 ) disposable extraction columns conditioned by methanol. The concentrated filtrate was then eluted with 90% methanol and 0.1% trifluoracetic acid (TFA), which was subsequently removed by rotary evaporation and again dissolved in 1 ml of 75% methanol. The Whatmann GF/C filters with cyanobacterial cells were extracted with 75% methanol and ultrasonicated in an ultrasonicator XL 2020 (Misonix Inc., USA). Then the samples were centrifuged, evaporated and again dissolved in 1 ml of 75% methanol. The purified samples C before analysis. Moreover, different sampling of cyanobacterial blooms was used for preparation of extracts to assess their genotoxicity. The phytoplankton samples were collected from the surface water (0-0.5 m depth) and concentrated (5-10 l of concentrated sample) using a 65 μm plankton net. The concentrated samples were frozen, lyophilized (Eppendorf lyophilisator) under pressure conditions at -40 o C, homogenized and stored at -20°C before analysis. To obtain the purified extracts, lyophilized materials were dissolved in 80-100 ml of 75% methanol, ultrasonicated on ice for 10 min to release toxins from cyanobacterial cells, centrifuged two times for 10 min at 10 000 g at 4°C and filtered. The samples were divided into several portions and after evaporation of methanol in the pressure centrifuge SC 110A SpeedVac R Plus (ThermoSavant) were stored in the vials at -20°C before analysis. Microcystins in cyanobacterial blooms and water extracts were determined by HPLC with a diode array detection (DAD) detector (model 1100, Hewlett Packard) according to Lawton et al. [30] . The extracts were dissolved in 75% methanol and the samples in the volume of 20 μl were injected into chromatographic column LiChroCART™ (55 mm • 4 mm) with a Purospher™ STAR RP-18e (3 μm), stored in thermal conditions at 40 o C, to separate microcystins. The mobile phase consisted of 0.05% trifluoracetic acid (A) and acetonitrile with 0.05% trifluoracetic acid (B) in the time gradient: 0 min 25% B, 5 min 70% B, 6 min 70% B, 6.10 min 25% B. The flow speed of mobile phase was 1 ml/min. The measurements were read at the wave length ranging from 200 to 300 nm. Identification of microcystin peaks was based on the comparison of retention times and UV spectra characteristic of microcystin. The quantity of identified microcystins was determined from the calibration curve. The calibration curves were prepared using control microcystins from Calbiochem.
SOS Chromotest
The SOS Chromotest with Escherichia coli strain PQ 37 (Institute of Pasteur, Paris, France) was performed according to the procedure outlined by Quillared and Hoffnung [31] . Escherichia coli PQ 37 was grown overnight in LB medium (10 g Bacto tryptone, 5 g Yeast extract, 10 g NaCl, 100 μl ampicillin) with shaking at 37°C. Then, the culture was diluted with fresh LB medium with ampicillin and incubated for 2 h with shaking at 37°C. Five cyanobacterial extracts were tested. The concentration of microcystins in cultures varied from extract to extract and depended on the intensity of cyanobacterial blooms. The standard microcystin LR (MC-LR) (Sigma, St. Louis, USA) was used as a positive control. The bacteria with cyanobacterial extracts or MC-LR were incubated for 2 h at 37°C. The control cells were incubated without cyanobacterial extracts or MC-LR in the same conditions. Control cells with 1% DMSO (dimethylsulfoxide) were also submitted to test DMSO toxicity. The genotoxicity of cyanobacterial extracts and MC-LR was assessed as the induction factor (IF), which was the ratio of the specific activity of β-galactosidase at a given concentration of microcystins in culture divided by its value at a zero concentration. The potency of genotoxic effects for cyanobacterial extracts was possible to compare by using the SOS-inducing potency factor which was determined as the ratio of the IF difference to the difference between the successive concentrations of microcystins in extracts. The toxicity of cyanobacterial extracts was determined as the toxicity factor (TF), which was the ratio of the activity of alkaline phosphatase for the control sample divided by its value at a given concentration of microcystins in culture.
UMU test
The umu test [32] for measuring DNA damage by means of SOS induction was performed according to Reifferscheid et al. [33] . Salmonella typhimurium TA 1535/pSK 1002 (The German Collection for Microorganisms and Cell Cultures, Braunschweig, Germany) was grown overnight in TGA medium (11.9 g HEPES, 10 g Bacto tryptone, 5 g NaCl, 2 g glucose, 0.05 g ampicillin in 1000 ml distilled water, pH 7.0) with shaking at 37°C. Then, the culture was diluted with fresh TGA medium and grown for 1.5 h at 37°C to get the optical density (OD600) at 600 nm versus TGA medium about 0.53-0.54. 300 μl of bacterial culture (± cofactor-mix and S9-fraction) was added to the 96-well plates. Five cyanobacterial extracts were tested. The concentration of microcystins in cultures varied from extract to extract and depended on the intensity of cyanobacterial blooms. The standard MC-LR (Sigma, St. Louis, USA) was used as a positive control. The bacteria with cyanobacterial extracts or MC-LR were incubated for 2 h at 37°C. The control cells were incubated without cyanobacterial extracts or MC-LR in the same conditions. The test extracts were dissolved and diluted in 100% DMSO and added to the wells. After mixing, the plates were incubated for 2 h at 37°C with shaking. After incubation, each mixture was diluted tenfold with TGA medium and incubated for additional 2 h at 37°C with shaking. At the end of the incubation, the cell density was measured at 600 nm. For testing β-galactosidase activity, 120 μl B-buffer (20.18 g Na 2 HPO 4 • 2 H 2 O, 5.5 g NaH 2 PO 4 • H 2 O, 0.75 g KCl, 0.25 g MgSO 4 • 7H 2 O, 1 g SDS and 2.7 ml β-mercaptoethanol in 1000 ml distilled water, pH 7.0), 30 μl of treated cells and 30 μl of o-nitro-phenyl-β-Dgalactopyranoside (ONPG) solution (4.5 mg/ml in 0.1 M phosphate buffer, pH 7.0) were mixed per well in fresh microplate. After a 30-min incubation at 28°C, the reaction was stopped by adding 120 μl of 1 M Na 2 CO 3 . The absorbance was then measured at 420 nm. Enzyme activity was calculated according to Miller [34] adapted to the microplate assay. The genotoxicity of cyanobacterial extracts and MC-LR were determined as the induction factor, which was the ratio of the activities of β-galactosidase to alkaline phosphatase at a given concentration of microcystin in culture divided by its value at a zero concentration.
Isolation and lymphocyte cultures
Peripheral blood from two healthy volunteer donors was collected. Lymphocytes were isolated under sterile conditions by centrifugation (2000 rpm/min) on Histopaque 1077 and washed twice in phosphate-buffered saline (PBS).
The isolated lymphocytes were suspended in RPMI 1640 medium with antibiotics (penicillin at a concentration of 50 IU/ml, streptomycin at a concentration of 50 μg/ml and gentamycin at a concentration of 40 μg/ml) and 10% fetal calf serum. Viability of lymphocytes was determined using trypan blue and was above 97%. Thereafter, the cell suspension in RPMI 1640 with antibiotics and 10% fetal calf serum, at the density 5-6 • 10 6 cells/ml medium was prepared for further studies.
Cytotoxicity of cyanobacterial extracts -
XTT reduction test
Lymphocytes ( Alkaline version of comet assay Lymphocyte cultures in RPMI 1640 medium with antibiotics (penicillin at a concentration of 50 IU/ml, streptomycin at a concentration of 50 μg/ml, gentamycin at a concentration of 40 μg/ml) and 10% fetal calf serum were performed in 96-well plates. The cells were exposed to cyanobacterial extracts dissolved in 40% ethanol and diluted in RPMI 1640 medium, in which the microcystins concentrations ranged from 2.5 to 10 μg/ml for 3, 6 and 12 h. Microcystin LR was used as a positive control at the concentrations of 1, 2 and 4 μg/ml in cultures. Two cultures for each concentration of microcystins and time exposure were performed. DNA damage, including single strand breaks (SSB) and alkali labile sites (ALS), were detected using the alkaline single cell gel electrophoresis (SCGE, comet assay) according to the method of Singh et al. [35] as modified by Mc Kelvey-Martin et al. [36] . The lymphocyte suspension (500 000 cells) were resuspended in the low melting agarose (1:1 v/v), embedded on agarose gel and immersed in cold lysing solution (2.5 M NaCl, 0.1 M Na 2 EDTA, 10 mM Tris-HCl, pH 10, 1% Triton X-100) for 1 h at 4 o C. Two slides for each experimental endpoint were prepared. After lysis, DNA was denatured in an electrophoretic buffer (1 mM Na 2 EDTA, 300 mM NaOH, pH > 13) for 20 min at 4 o C, electrophorezed in the same alkaline conditions (30 min, 0.9 V/cm, 25 V and 300 mA), neutralized by threefold rinsing the slides with 0.4 Tris buffer (pH 7.5), dried and stored for staining with fluorescent dye (DAPI). All the steps described above were carried out under red light to avoid the induction of DNA damage. The slides were stained just before analysis with 50 μl of DAPI (5 μl/ml) and kept in a humidified box. At the same time, the oxidative DNA damages were identified using formamidopyrimidine glycosylase (FPG) enzyme, which converted oxidized purine bases to strand breaks according to Collin et al. [37] . A part of slides, after lysis, was washed three times with enzyme buffer (0.1 M KCl, 0.5 mM Na 2 EDTA, 40 mM HEPES-KOH, 0.2 mg/ml bovine serum albumin, pH 8) and incubated with FPG in the buffer (or buffer alone as a control) for 30 min at 37 o C.
They were then electrophorezed, neutralized, and stained as described above. To assess the level of DNA fragmentation, 25 cells in each gel were analyzed using fluorescence microscope (Olympus BX40) and the image analysis system (LUCIA COMET ASSAY, Precoptic Co.). The tail moment, which considers both the tail length and the fraction of DNA in the comet tail was used as an indicator of DNA damage. The results were expressed as a mean of tail moment for each experimental endpoint ± SD. Statistical differences versus respective controls were calculated using t-Student's test.
Micronucleus test
Blood samples (0.4 ml) were cultured in RPMI 1640 medium (5 ml) supplemented with 10% fetal bovine serum, L-glutamine and antibiotics (penicillin at a concentration of 50 IU/ml, streptomycin at a concentration of 50 μg/ml, and gentamycin at a concentration of 40 μg/ml) for 72 h at 37 o C in 5% CO 2 atmosphere. Lymphocytes` growth was stimulated with phytohemaglutinin (PHA, 10 μg/ml). After 44 h of incubation at 37 o C in an atmosphere containing 5% CO 2 , cytochalasin B (5 μg/ml) was added to each culture to inhibit cytokinesis [38] . At 48 h the lymphocytes were treated with each of five cyanobacterial extracts. The cyanobacterial extracts were dissolved in 40% ethanol and diluted in RPMI 1640 medium to get the respective concentrations of microcystins in cultures (4-50 μg/ml). Each treatment was tested with cells from two donors, performed in duplicate separate cultures. After incubation, the cells were collected by centrifugation. The cell pellets were treated with a cold hypotonic solution (0.075 M KCl) and fixed three times in methanol:acetic acid (3:1) mixture. Then, the cytogenetic slides were prepared from the pellets. The slides were air-dried and stained with 2% Giemsa solution (5 min). The micronuclei frequency was determined in 1000 binucleated lymphocytes for each experimental endpoint, where mononucleated, binucleated, trinucleated and tetranucleated were scored. Also, for the assessment of lymphocyte proliferating rate, the nuclear division index was calculated using the formula: 
RESULTS
Seasonal cyanobacterial biomass changes in the Sulejów
( Table 1 ). The low biomass of cyanobacteria (less than 1 mg/l) was observed until mid July. The highest biomass of cyanobacteria (33 mg/l) occurred in mid September. The increased percentage of Aphanizomenon flos-aquae was noted after mid August.
Determination of the concentration of microcystins in cyanobacterial extracts and water Using ELISA and PPIA tests it was possible to determine the most dangerous period for recreation and the quality of drinking water. The concentration of microcystins in cyanobacterial cells increased above the detection limit, i.e. > 2.5 μg/l (ELISA) and > 4 μg/l (PPIA) not before mid August and lasted to the end of September (Table 2 ). In the summer of 2004, the concentration of microcystins in water was always below 1 μg/l (admissible concentration of microcystins in water) ( Table 2 ).
Qualitative and quantitative detection of microcystins in cyanobacterial extracts and water by HPLC
Using HPLC assay with a DAD detector it was possible to qualitatively identify microcystins in cyanobacterial extracts and water. Three hepatotoxins were identified: MC-YR, MC-RR, and MC-LR mainly in cyanobacterial extracts when compared the retention time with respective standards and after the analysis of absorption spectrum for individual components (Table 3) . On some days, the other microcystins were detected, but having no standards we could not identify them. During the study period, microcystin-RR was detected at the highest concentration (Table 3 ). The high concentrations of microcystins (above 3 μg/l) were observed from August 18 to September 22 (Table 3 ). In water, the concentration of microcystins did not exceed 1 μg/l during the summer of 2004 (Table 3) . Table 4 presents the estimation of the genotoxic and toxic effects of five cyanobacterial extracts with microcystins from the Sulejów reservoir. These effects were described in the SOS Chromotest by particular parameters, such as IF, TF and SOS-inducing potency (SO-SIP). The weak genotoxic effects in bacterial species Escherichia coli PQ37 were induced by two cyanobacterial extracts (from August 18 with metabolic activation and from September 8 without S9). The induction factors of SOS DNA rapair in the bacterial cultures with these extracts at the highest concentrations of microcystins (41.5 and 46.6 μg/ml, respectively) were over two times higher than in control cultures (without extracts) ( Table 4 ). Comparing the SOSIP factors for each extracts it appeared that the strong genotoxic effects of Escherichia coli PQ37 were induced by cyanobacterial extracts of September 8 (-S9) and August 25 both with and without S9 (Fig. 1) . The toxic effects of some cyanobacterial extracts without metabolic activation for Escherichia coli PQ37 were also revealed. The most toxic extracts for bacterial species appeared to be those prepared from the samples of August 25 and September 8, because in bacterial cultures incubated with these extracts showing the highest levels (28.6 and 46.6 μg/ml, respectively) of mi- MCs -microcystins of cyanobacterial extracts in cell culture; IF -induction factor expresses the genotoxicity of cyanobacterial extracts (the ratio of the specific activity of β-galactosidase at a given concentration of microcystins in culture divided by its value at a zero concentration); TF -toxicity factor expresses the toxicity of cyanobacterial extracts (the ratio of the activity of alkaline phosphatase for the control sample divided by its value at a given concentration of microcystins in culture).
Genotoxicity of cyanobacterial extracts in bacterial tests
SOS Chromotest
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crocystins concentrations the noted levels of TF (4.4 and 8.1, respectively) were over two times higher compared to the control cultures (Table 4) .
UMU test
Cyanobacterial extracts prepared from the samples of the Sulejów reservoir did not induce genotoxic effects in bacterial species of Salmonella typhimurium TA1535/pSK1002 both with and without metabolic activation. The values of induction factors, which express the potency of genotoxic activity, were about 1, independently of microcystins concentration in bacterial culture and the date of cyanobacterial blooms sampling ( Table 5 ).
Cytotoxicity of cyanobacterial extracts for human lymphocytes
Cytotoxicity of cyanobacterial extracts prepared from five samples, collected during the intensive cyanobacterial bloom, i.e. the highest biomass, were determined for human lymphocytes of two donors. The amounts of microcystins in those extracts were measured by HPLC (Table 6 ). In lymphocyte cultures incubated for 24 h with cyanobacterial extracts, in which microcystins concentrations ranged from 6 to 80 μg/ml, and with microcystin LR, the reduction of lymphocyte viabilities was observed (Fig. 2) . Of the five cyanobacterial extracts, two, sampled September 1 through September 15, appeared to be most toxic MCs -microcystins of cyanobacterial extracts in cell culture; IF -induction factor expresses the genotoxicity of cyanobacterial extracts (the ratio of the activities of β-galactosidase to alkaline phosphatase at a given concentration of microcystin in culture divided by its value at a zero concentration).
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to human lymphocytes. The toxins in these extracts have resulted in a 50% reduction in cells viability in cultures at the microcystins concentrations of 21.6 μg/ml (donor 1) and 23.6 μg/ml (donor 2) in the extract dated September 1 and 16.2 μg/ml (donor 1) and 21.7 μg/ml (donor 2) in the extract of September 8 (Table 6) . No substantial differences in the susceptibility of lymphocytes of both donors to the toxins of cyanobacterial extracts were observed because the values of EC 50 for each extract and each donor did not differ significantly (Table 6 ). In lymphocytes incubated for 3 h with extracts containing microcystins at concentrations from 2.5 to 10 μg/ml in cultures, about two or three times higher levels of DNA damage in cells exposed to toxins at the highest concentrations were revealed compared to the respective control cells (without extracts) (Fig. 3) . After a 6-h incubation of lymphocytes of two donors exposed to cyanobacterial extracts, the slight reduction in the levels of DNA single strand breaks in relation to the respective levels after a 3-h exposure was observed. After a 12-h exposure of extracts to microcystins, the levels of SSB DNA in lymphocytes of two donors were comparable with respective controls (Fig. 3) . Among 5 cyanobacterial extracts, the most genotoxic effects in human lymphocytes were induced by samples dated August 25, September 8 and September 15, because the levels of DNA SSB in lymphocyte cultures exposed to microcystins of these extracts were significantly higher compared to the respective control cultures (without extracts) (Fig. 3) . After using FPG enzyme, recognizing the damaged purine bases in DNA, the increased DNA fragmentation in lymphocytes of two donors exposed for 3 and/or 6 h to cyanobacterial extracts prepared from blooms collected at the beginning of September (September 1, 8 and 15) in relation to the respective DNA fragmentation in lymphocytes without FPG enzyme was revealed. The levels of oxidative DNA damage in cells exposed to toxins of cyanobacterial extracts for 12 h were at the respective control levels (Fig. 3) . Microcystin LR, used as a positive control, induced DNA damage, both DNA SSB and oxidative DNA damage, in human lymphocytes of two donors. The most evident DNA fragmentation was observed after 3 and 6 h of incubation of cells with MCLR at concentrations 1, 2 and 4 μg/ml in cultures (Fig. 4) . After a 12-h incubation of cells with MC-LR, the levels of DNA SSB were the same as those of respective control cells. The oxidative DNA damage was most visible in cells incubated with MC-LR for 3 h. The reduction of the oxidative DNA damage in lymphocytes exposed to MC-LR was revealed after incubation for 6 h and after 12 h of incubation this effect was at the control level (Fig. 4) .
Genotoxicity of cyanobacterial extracts for human lymphocytes
Assessment of micronuclei frequencies in human lymphocytes induced by microcystins of cyanobacterial blooms from the Sulejów reservoir using the micronucleus test
The frequencies of micronuclei in human lymphocytes of two donors induced by microcystins of cyanobacterial extracts are presented in Table 7 . The selections of concentration ranges for microcystins of each extract in lymphocytes cultures depended on the values of EC 50 (determined in XTT test) for cells exposed to extracts for 24 h. The highest (Table 7 ). In the lymphocytes of donor 2, these effects were more visible than in donor 1. Proliferation of lymphocytes of two donors was like in control cultures because NDI values in lymphocyte cultures with and without extracts were at the same level (Table 7) .
DISCUSSION
It is thought that one of the reasons for cyanobacterial bloom in the summer is an excessive eutrophication of water reservoirs [22, 39, 40] . Eutrophication process is linked with an increased influx of nitrogen and phosphorus to reservoirs, which in turn is related to the production of industrial pollutions, communal and agricultural sewers. The weather factors, such as temperature (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) o C), windless weather, and water pH (pH 6-9) also play an important role in this process. The monitoring study performed in the Sulejów reservoir in the summer of 2004 revealed a slight phytoplankton bloom in June and its excessive growth between mid August and the end of September. Phytoplankton blooms were dominated by the cyanobacteria species, such as Microcystis aeruginosa responsible for the production of hepatotoxins mainly microcystins and to much less extent by Aphanizomenon flos-aquae and Anabaena sp. producing neurotoxic alkaloids. The past activities in this field have indicated that in the water reservoirs of our country and in those of countries with the temperate climate, cyanobacterial blooms of genera Microcystis, Planktothrix and Anabaena, which produce microcystins, are in the majority [39] [40] [41] . Therefore, the studies performed to date in Polish scientific centers (University of Łódź, Swietokrzyska Academy in Kielce) as well as our studies have been concentrated on the hazard of microcystins, particularly of microcystin LR present in cyanobacterial blooms [41] [42] [43] . Our data indicated a low concentration of microcystins in water (about 0.2 μg/l) as early as in the midsummer of 2004 in the Sulejów reservoir, which was associated with the period of intensive recreation and agricultural works. Therefore, the quality of water in the Sulejów reservoir should be controlled in August and September because then the concentration of microcystins in water can increase to > 4 μg/l. Cyanobacterial extracts prepared from samples collected during the intensive bloom in the Sulejów reservoir showed weak genotoxic action for bacteria Escherichia coli PQ37. Only two of five extracts induced mutations in these bacterial cells, but merely in the cultures with the highest concentrations of microcystins. The induction factors, presenting the potency of genotoxicity, were two times higher in these cultures compared to controls. The dose-response effect in bacterial cultures with microcystins of each cyanobacterial extracts was not observed. All extracts induced weak toxic effects in Escherichia coli PQ37. On the other hand, the study performed in the Sulejów reservoir by Mankiewicz et al. [41] in 1998-1999 showed the correlation between the concentration of microcystins in bacterial cultures and the potency of genotoxic action for Escherichia coli PQ37, probably because the amount of microcystins, including also microcystin LR, was significantly higher than in extracts assessed in our study. The genotoxic effects of cyanobacterial extracts from the Sulejów reservoir in bacteria of Salmonella typhimurium TA 1535/pSK1002 were not observed. The values of induction factors representing the genotoxic potency of microcystic cyanobacterial extracts were about 1 independently of the amount of microcystins in bacterial cultures. However, the Chinese study revealed that microcystic cyanobacteria extracts induced mutations in Salmonella typhimurium TA97, TA98 and TA100 assessed in the Ames test both with and without metabolic activation, while microcystin LR, used as a positive control, was not mutagenic for these bacterial cells [44] . The cyanobacterial extracts prepared from the blooms at the beginning of September proved to be most cytotoxic for lymphocytes of two donors because their EC 50 was over two times lower compared to the other extracts. The cyanobacterial extracts from the Sulejów reservoir induced slight genotoxic effects in human lymphocytes as indicated by the results of the Comet assay and micronucleus test. The observed DNA damage in the cells of DNA SSB and the oxidized purine bases in DNA, after 3 and 6 h of incubation with microcystic cyanobacterial extracts were significantly higher compared to the respective levels after a 12-h incubation. This was probably caused by the progressive DNA degradation, and small DNA fragments seemed to be lost during the alkaline electrophoresis [45] . The genotoxic effects in human lymphocytes induced by the cyanobacterial extracts from the Sulejów reservoir in 1998-1999 were also revealed in the study of Mankiewicz et al. [41] , but an evident decrease in the level of DNA damage was observed after the 18-and 24-h exposures. The microcystins of cyanobacterial blooms from the Sulejów reservoir induced a slight increase in micronuclei frequencies in human lymphocytes, but only in the cultures with the highest microcystins concentration. The lymphocyte proliferation in cultures with cyanobacterial extracts was not inhibited. In our study, the massive cyanobacterial blooms, mainly the species of Microcystis aeruginosa and Aphanizomenon flos-aquae, in the Sulejów reservoir were observed in the midsummer of 2004. Therefore, the phytoplankton biomass and the microcystins concentration should be monitored in the summer time and during the massive of cyanobacterial bloom and the genotoxicity of these extracts for eucariotic cells should be assessed. Although the concentration of microcystin LR in water of this reservoir did not exceed the limit level (1 μg/l), the hazard of cyanobacterial blooms could be observed at that time since a lot of people used the water of this reservoir for the recreation and for agricultural purposes. 
